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ABSTRACT
The current population of Rocky Mountain elk (Cervus 
elaphus nelsoni) in the northern badlands of North Dakota 
originated from a accidental release in 1977. Efforts to 
manage the elk population in the northern badlands have been 
hindered for a number of reasons 1) the census data from 
fixed-wing aircraft does not adequately determine population 
sizes in forested areas with low numbers of individuals and 
herds, 2) habitat use and seasonal home range of elk in this 
region have not been identified.
The objectives of this study were to determine for the 
northern badlands elk herd: 1) the movement patterns and 
seasonal home range, 2) habitat use versus availability for 
cow elk, 3) ratios of adult bull:cow, yearling bull:cow and 
calf:cow which will provide information on the population 
structure of the herd, 4) annual reproductive success of 
radio-collared cows, and 5) summer food habits.
In march of 1992, 10 elk were darted from a helicopter 
and equipped with radio collars. Elk were tracked on the 
ground 2-3 days per week from May-November of 1992 and 1993.
The telemetry data revealed 4 distinct herd segments. 
Within these distinct herd segments elk exhibited a high 
degree of home range fidelity with seasonal movements
xiii
between summer and fall ranges. The Killdeer Mountain elk 
used Birch/Aspen timber on the south mountain and shifted to 
Oak/Ash and Birch/Aspen timber on the north mountain in the 
fall. Elk in the badlands region used Oak/Ash timber most 
of the summer with a shift in the fall to cottonwoods along 
the river bottom, agriculture and Oak/Ash timber. Radio 
collared elk calved annually during the study with an 
average calf:cow ratio of 0.78.
xiv
INTRODUCTION
When European colonists first came to North America, 
the elk (Cervus elaphus) was the most widely distributed 
member of the deer family (Murie 1951). Historical records 
indicate that large numbers of Manitoban elk (C. e. 
manit.obensis) once roamed the Great Plains. Lewis and 
Clark, Audubon, and Maximilian all recorded herds that 
inhabited the Missouri River basin and the Great Plains of 
North Dakota (Bailey 1926). However, elk were extirpated by 
the late 1880's. The last historic observation of an elk 
harvested in North Dakota occurred in the Turtle Mountains 
in 1887 (Bailey 1926).
The first attempted reintroduction of elk in North 
Dakota occurred in 1942, when the kilideer town criers 
brought 25 Rocky Mountain elk (C. e. nelsoni) from 
Yellowstone National Park, Wyoming, to the Kilideer 
Mountains in Dunn County (Knue 1991). The elk had no 
problem adapting to their new environment. During the next 
few years, aerial surveys indicated an increase in the 
population (Knue 1991). During 1941 six additional elk were 
reported, and in 1944 the known herd had grown to 33. 
Complaints from farmers and ranchers also increased due to 
damage to crops and property. The duration of this
1
2reintroduction was short lived; by 1951 there were no signs 
>f elk in the Killdeer Mountains, and they were believed to 
lave been exterminated by the local residents (Knue 1991). 
"his introduction demonstrated that Rocky Mountain elk were 
idaptable to the Killdeer Mountain region, and it revealed 
:he importance of public support for any future elk programs 
_n North Dakota.
Currently there are three populations of elk in North 
)akota (Fig. 1). During the 1970's, a small herd of 
ipproximately 50 Manitoban elk presumably immigrated from 
Canada and became established in the Pembina Hills in the 
lortheastern corner of the state (Knue 1991). A second 
lopulation was introduced in 1985 when 47 Rocky Mountain elk 
;ere brought in from the Wind Cave National Park (WCNP) in 
South Dakota and released into the south unit of Theodore 
loosevelt National Park (TRNP) (Knue 1991). The third 
)opulation inhabits the northern badlands region between 
Jatford City and the Killdeer Mountains. This population is 
i direct result of an attempted reintroduction effort on the 
fort Berthold Indian Reservation east of Mandaree. In 1977, 
)0 Rocky Mountain elk were transported from WCNP to Fort 
Serthold for release on the reservation. Before arriving at 
:he release site in Mandaree these elk escaped from a 
idding pen in New Town (Knue 1991) . In 1991 this herd was 
estimated to be around 200 animals and is considered the 
.argest free-ranging population of elk in North Dakota (Knue
3NORTH DAKOTA
PI ^ emb,na hiiis elk hefd (11 Northern badlands elk herd 
Elk in TRNP south unit
Figure 1. Locations of the three current populations of elk 
in North Dakota {TRNP = Theodore Roosevelt National Park).
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1991).
Elk have been widely studied in montane habitats 
(McCorquodale 1991, Skovlin 1982). However, information on 
elk in the northern great plains is limited. Several 
studies have been conducted on elk ecology in WCNP (Wydeven 
and Dahlgren 1985,1983, Varland et al. 1978), TRNP (Westfall 
1989, Sullivan 1988) and range relationships of mule deer, 
elk and cattle have also been investigated in eastern 
Montana (Knowles 1975, Mackie 1970) . Relatively little is 
known about the ecology of the free ranging elk herd in the 
northern badlands. No research has been conducted on this 
herd and information is limited to harvest and census data 
compiled by the North Dakota Game and Fish Department 
(NDGF). This population offers an opportunity to observe a 
free ranging elk herd in the great plains.
The extent to which Manitoban elk found on the great 
plains migrated was not well recorded by early travelers 
(Adams 1982). Migratory and non-migratory elk herds have 
been documented for both Roosevelt (C. e. roosevelti) and 
Rocky Mountain elk (Adams 1982, Craighead et al. 1973, 
Craighead et al. 1972, Knight 1970, Martinka 1969, Troyer 
1960, Schwartz and Mitchell 1945). Even within a 
population, portions of a herd may migrate while others 
remain on the winter range year round (Martinka 1969). 
Despite the variation in migratory behavior, it can become a 
basic survival mechanism when harsh winters or overuse of
5
range during the summer results in inaccessibility of 
forage. At this time it is unknown if the northern badlands 
elk herd exhibits any migratory patterns.
Information on elk population dynamics during early 
growth stages is lacking (Gogan and Barrett 1987). However, 
small populations of elk occupying favorable habitats have 
the potential to grow exponentially (McCorquodale et al. 
1988, Gogan and Barrett 1987, Murphy 1963). Both WCNP and 
TRNP have exhibited elk populations with rapid growth rates 
(Westfall 1989, Sullivan 1988, Varland et al. 1978). The 47 
elk introduced to TRNP in 1985 increased to just over 400 by 
1993 (Roger Andrascik, TRNP, pers comm.). The Sun River elk 
herd in Montana grew from 200 in 1910 to approximately 5,000 
by 1930 (Knight 1970).
The northern badlands elk herd occupies an area of 
approximately 600 km2. If the current population is around 
200 (Knue 1991) then the density is less than 1 elk/km2.
With such a low density of elk the northern badlands herd 
provides an opportunity to observe the dynamics of a 
potentially rapidly growing population in favorable 
habitats. Determination of an animal's home range is 
essential since it contains all the requirements for the 
animal's existence (Riney 1982). By building baseline 
ecological data managers will be better prepared for future 
management issues such as potential competition with 
livestock and other wildlife, and damage to crops and
6
property.
The objectives of this study were to determine for the 
northern badlands elk herd: 1) the movement patterns and 
seasonal home range, 2) habitat use versus availability for 
cow elk, 3) Describe the demographic characteristics of the 
population (i.e. ratios of adult bull:cow, yearling bull:cow 
and calf:cow) which will provide information on the 
population structure of the herd, 4) Determine annual 
reproductive success of radio-collared cows, and 5) Assess 
summer food habits.
STUDY AREA
The study area comprises approximately 580 knt (225 mi2) 
located in Dunn and McKenzie counties and part of the Fort 
Berthold Indian Reservation in western North Dakota (Fig.
2). It covers sections of Township 146-149 N. and Range 93- 
97 W. This area includes the Killdeer Mountains, and a 
portion of the northern badlands associated with the Little 
Missouri river. The majority of the study was conducted on 
private land. The primary land uses are cattle grazing, 
agriculture (e. g. wheat, oats, hay, corn), and oil and gas 
development.
Geology
The Killdeer Mountains consist of two mesas which are 
composed of interstratified layers of sandstone and 
limestone rock with deeply cut wide valleys (Bluemle 1991, 
Quirke 1918). This area was once flooded by a large lake or 
several lakes. Around 20-25 million years ago, volcanoes 
were erupting in Montana and Wyoming, dumping ash on western 
North Dakota. This ash and other sediments washed into the 
lakes and accumulated to thicknesses of hundreds of feet 
(Bluemle 1991). When the lakes finally dried up the 
sediment hardened forming tuffaceous limestone beds (Bluemle 
1991). About 5 million years ago, streams began removing
7
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Figure 2. Northern badlands study area in west central
North Dakota.
large amounts of sediment. However, the hardened, lake 
bed(s) was more resistant than the surrounding sediment and 
was left standing forming the Kilideer mountains (Bluemle 
1991), The mountains are capped by tuffaceous siltstone, 
sandstone and carbonates (Murphy et al. 1993). The 
elevations range from 823 - 975 m (msl).
The northern badlands are composed of stratified beds 
of sands, clays and silt. They were formed approximately 
600,000 years ago when the Little Missouri river was 
diverted by a glacier forcing the river east over a steeper 
gradient causing rapid erosion and carving the badlands 
(Bluemle 1991). The elevations range from 564 m (msl) along 
the Little Missouri river to 747 m along the top of the 
breaks.
Climate
The climate of western North Dakota is character!zed as 
continental (Jensen 1974). The average temperature ranges 
from 22°C in July to a low of -12’C during January (Jensen 
1974). During the study temperatures ranged from 28°C in 
August to a low of ~20°C in February (National Oceanic and 
Atmospheric Administration 1992, 1993). The annual 
precipitation averages 35.5 cm with most falling between May 
and August. The mean number of days with 15.2 cm or more of 
snow is 30 (Jensen 1974). The summer of 1993 was an 
unusually wet season, 28 cm of rain fell during June and 
July (National Oceanic and Atmospheric Administration 1993).
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Vegetation
The Killdeer Mountains are primarily covered with dense 
Birch {Betula papyrifera)/Aspen (Populus tremuloides) forest 
with open grassy plateaus (Wali et al. 1980). Most timber 
stands include a dense shrub layer (Wali et al. 1980). The 
surrounding area is a mix of open pasture and agricultural 
l^nds.
The northern badlands are a complex of steep non- 
vegetated south facing slopes and a variety of Oak (Quercus 
macrocarpa)/Ash (Fraxinus pennsylvanica)/ American elm 
(Ulmus americana) timber that occur on north facing slopes 
(Wali et al. 1980). Small pockets of Rocky Mountain juniper 
(Juniperus scopulorum) also occupy north facing slopes (Wali 
et al. 1980). The flood pxains of the Little Missouri river 
bottom are dominated by cottonwoods (Populus deltoides) 
/willow (Salix spp.) (Wali et al. 1980). Detailed 
information on specific habitat types is presented in 
Appendix A.
METHODS
Seasonal Home Range
During March 1992, 10 elk (8 adult cows, 1 female calf 
md 1 male calf) were tranquilized with rompum Xylazine 
lydrochloride (25 mg) and carfentanil (Janssen 
Pharmaceutics, New Brunswick, N.J.) (3 mg), using a dart gun
from a helicopter (NDGF internal memo Rex Sohn pers. comm.). 
Immobilized elk were fitted with mortality sensor radio- 
collars, body measurements (girth, length of body, hind leg 
and tail) were recorded and blood samples were taken and 
tested for progesterone levels to determine pregnancy.
Elk were tracked on the ground 2-3 days per week from 
May-November during 4 different periods of the day (early 
morning, late morning, mid-day, and early evening). All elk 
locations were plotted on a 1:24,000 USGS topographic map, 
and coordinates were recorded using the Universal Transverse 
Mercator (UTM) system.
Seasons were broken down as follows: spring, from 2 
March - 14 May; calving, from 15 May - 9 June; summer, from 
10 June - 31 August; fall (rutting), from 1 September - 20 
November; and winter, from 21 November - 1 March. Winter 
data were collected only during 1993.
The computer program HOMERANGE (Samuel et al. 1985) was
11
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used to calculate minimum convex polygons (MCP) for the 
summer and fall for each radio-collared elk. Winter and 
spring home range estimates were no’ ; 1culated due to a 
lack of data. Insufficient data were collected during the 
first year on the collared female calf and during both years 
for the collared male elk, as a result all the data and 
analysis presented in the thesis is on adult cows. General 
wintering areas were determined in 1993 from 6 radio 
tracking locations and from response from local residents on 
self addressed stamped observation cards. Calving season 
also had too few locations to calculate a home range. 
However, calving areas were identified from locations of 
cows during 22 May - 7 June.
Fidelity of home range was tested by season for each 
radio-collared elk using the Hotelling's t2 test (White and 
Garrott 1990). This test compares a mean location (the 
arithmetic center) from one group to a mean location of 
another group. The euclidean distances, distance between 
arithmetic centers, of seasonal home ranges were then 
tabulated. The home range data for 1992 and 1993 were 
combined to test for differences between summer and fall 
ranges.
Population Structure
Elk observed in herds were classified as adult cows (>1 
yr), calves, adult bulls (>2 yrs), and spikes (yearlings).
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To investigate the overall demographics and the reproductive 
status of the herd, ratios of calves:cow, adult bulls:cow 
and yearling bulls:cow were tabulated. Annual calving 
success for each cow was confirmed by observing a calf 
nursing.
Habitat Evaluation
The habitat evaluation of the study area included two 
phases; one was to obtain descriptive information on the 
habitat types, and the second to develop a habitat map to 
determine habitat availability. Aerial photos of 1:24,000 
scale were used to outline all the different habitat types. 
Each outlined area is referred to as a polygon. These 
polygons were then verified and identified in the field.
The habitat types were determined by visual assessment of 
different regions of the study area and recording the 
dominant and ; . , and grassc ' e
polygons. Dominance refers to overstory species which 
contribute the most cover or basal area to the community 
(Barbour et al. 1987) Areas which were similar were lumped 
together as one habitat type. Eleven habitat types were 
identified for habitat mapping.
The type of descriptive data collected from these 
habitat types were: species composition, species richness, 
percent ground cover of each species, vertical cover, and 
tree basal area. Species richness refers to the number of
14
vascular plant species found in the habitat type (Barbour et 
al. 1987). To obtain the descriptive characteristics of 
these habitat types, 6 random polygons were selected from 
each habitat type (except for agriculture and nonvegetation) 
and 1 habitat plot was completed in each. The location of 
the plot was determined by placing a dot grid over a map of 
the selected polygon and randomly choosing a dot with a 
random number table. A plot consisted of four 20 m 
transects. The first transect was obtained by randomly 
spinning a compass dial and using the bearing from the site, 
while the next three transects deviated by 90 degrees from 
one another. Ground coverage for all grasses, forbs and 
shrubs <2 m in height were determined at 4 m intervals along 
each transect by using a 20x50 cm plot (Daubenmire 1959).
The percent coverage scale used were; 1) 1-5%, 2) 6-25% 3) 
26-50% 4) 51-75% 5) 76-95% 6) 96-100%. Vertical cover was 
determined by using a vi ibility board 30.4o cm wide and a 
height of 2.5 m that was marked in alternate colors every 
0.5m (Nudds 1977). At a distance of 15 m the percent 
visible of each 0.5 m section was recorded into one of six 
classes; 1) 1-5%, 2) 6-25% 3) 26-50% 4) 51-75% 5) 76-95% 6) 
96-100% (Nudds 1977).
Trees with a height >2 m within 1 m of the transect 
line were recorded by species, and diameter at breast height 
(DBH) was measured. Trees <2 m within 1 m of the transect 
line were tallied by species.
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Habitat Selection
The study area was divided into 2 units. One comprised 
the Killdeer mountains and the other the badlands region 
(Fig. 3). Habitat availability was considered the same for 
elk 1 and 2 on the Killdeer mountains and the same for elk 
3, 4, 5, 6, 8, 9 and 10 which occupied the badlands area.
The Killdeer mountains were separated from the badlands 
because of the marked difference in topography and 
vegetation, as well as the lack of movement by elk between 
these areas.
Habitat availability was determined by randomly placing 
a grid over the habitat maps and recording the habitat type 
represented at the intersection of each grid line
(approximately every 240 m) (McCorquodale et al. 1986).
\
Habitat use was determined from the radio-tracking 
locuoxons. A G-lest was used to test the null hypothesis 
that use occurred in proportion to availability, considering 
all habitats simultaneously (Sokal and Rohlf 1981). If this 
hypothesis was rejected a Z test was used to determine which 
habitats were selected (Devore and Peck 1986). Any habitat 
type which consisted <2% of the area and was not used by elk 
was not tested. The collared male calf was not included in 
any habitat analysis because of insufficient data.
N. Badlands unit
15 km
Figure 3. The two Subunits used to determine habitat sel tion
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Summer Diet
To investigate potential dietary overlap between elk 
and cattle, fecal samples were collected during the summer 
and fall of 1992 and 1993. Summer samples were collected 
between 20 June - 31 August and fall samples were collected 
after 1 September. Low density of elk made it very 
difficult to randomly collect fecal samples from the 
population. Therefore, I first located a herd by using 
radio telemetry and then collected fecal samples from that 
location. A sample consisted of one pile of pellets. Fecal 
samples were collected only during the summer of 1992 for 
both elk and cattle on the Killdeer Mountains. In the 
badlands region summer samples were collected for elk and 
cattle during 1992 and 1993; however, fall samples were 
collected only during 1993.
Samples from the Killdeer Mountains area were analyzed 
separately from the badlands region. Samples from similar 
regions were pooled and approximately 1 g subsamples from a 
minimum of 5 different fecal piles were combined, frozen and 
sent to the Washington State University Wildlife Habitat 
Laboratory for microscopic analysis (Sullivan 1988). Diet 
composition were determined from 200 microscopic views of 
composite samples.
RESULTS
Home Range
Two study cows used the Killdeer Mountains exclusively, 
while the 7 other cows occupied the badlands region 
associated with the Little Missouri river. There was 
extensive home range overlap between the 2 Killdeer Mountain 
elk and 5 of the 7 badlands elk. The average summer, fall 
and total home ranges for the 2 Killdeer Mountain cows were 
15.9, 48.3, and 61.2 km2 respectively. The average total 
home ranges for the 7 badlands elk were similar to the 
Killdeer Mountain study animals (64.6 km2), while the summer 
range was larger (28.5), and fall range smaller (28.3) than 
the Killdeer Mountain elk (Table 1).
Seasonal Movements 
Killdeer Mountains Elk
In both 1992 and 1993, the 2 Killdeer Mountain elk 
predominately occupied the south Killdeer Mountain during 
the summer. One cow elk (#1) did show a significant 
difference (0.01 < P < 0.05) between the 2 years of the 
summer ranges (Table 2). However, the difference is a 
result of 2 outlier locations. Extensive overlap did exist 
for elk #1 between summer ranges of 1992 and 1993 on the
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Table 1. Summer (Sum), Fall (FI) and Total (Tot) home range estimates (km2) for adult cow 
elk for 1992 and 1993 using minimum convex polygons, number of relocations shown in 
parenthesis. Elk #1 and 2 are Killdeer Mountain elk, 3 - 1 0  are badlands elk.
Elk# Sum 1992 Sum '1993 Tot Sum FI 1992 FI 1993 Tot FI Tot HR
4.9 (17) 12.0 (27) 15.7 (44) 42.1 (18) 20.3 (14) 60.3 (32) 64.9 (90)
2 5.9 (14) 13.5 (26) 16.0 (40) 30.7 (19) 27.7 (14) 36.3 (33) 57.5 (85)
Xa 5.4 12.8 15.9 36.4 24.0 48.3 61.2
3' 10.7 (26) 10.7 (26) 18.9 (25) 18.9 (25) 36.9 (58)
4“ --- 23.6 (23) 23.6 (23) 12.3 (12) 12.3 (12) 34.3 (67)
5 18.6 (22) 10.0 (26) 20.3 (48) 26.1 (24) 25.6 (20) 41.9 (44) 52.2 (111)
6 22.8 (26) 14.1 (27) 38.3 (5j ) 17.3 (24) 12.1 (20) 23.1 (44) 97.4 (116)
8* 16.6 (22) 16.6 (22) 25.2 (19) 25.2 (19) 53.3 (53)
9 55.1 (22) 47.5 (28) 67.0 (50) 25.2 (25) 16.0 (18) 42.8 (43) 126.6 (109)
10 15.7 (22) 19.7 (28) 22.8 (50) 23.9 (22) 21.2 (17) 34.2 (39) 51.3 (104)
X* 23.3 23.0 28.5 22.8 17.4 28.3 64.6
vc 18.8 20.1 25.7 26.2 19.3 32.8 63.8
Dates; Summer 6/10 - 8/31, Fall 9/1 - 10/22, Total 5/7 - 10/22. 
* Did not survive to 1993 ** Insufficient data during 1992.
a Killdeer mountain elk b Badlands elk c All elk
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Table 2. Mean distance (km2) between the arithmetic centers 
of seasonal home ranges of adult cow elk.
Seasonal range
Summer Fall Summer
Elk # 1992 to 1993 1992 to 1993 to Fall
la 1.3** 2.2* 3.7
oa 0.4 4.2* 3.6
3b 3.1
4b 12.1
5b 1.1 0.8 3.6
6b 0.7 0.1 3.1
8b 2.6
9b 1.2 1.1 0.5
10b 0.8 2.2** 3.3
X 0.9 1.8 4.0
SE 0.3 1.3 3.0
Hotellings t2 test for differences between arithmetic
centers significant at P < 0.01
*  *  _  . _  -P < 0.05
a Killdeer Mountain elk 
b Badlands elk
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south Killdeer Mountain. The mean distance between summer 
ranges for the Killdeer Mountain elk was 0.85 km.
During the fall of 1992 and 1993 both cow elk moved to 
the north mountain. This movement occurred in September of 
1992, but in 1993 movement was delayed until mid-October.
As a result there was a significant difference in seasonal 
home range (P < 0.01) between the fall 1992 versus 1993 for 
both cows (Table 2). The mean fall location in 1992 was 
close to the north mountain whereas in 1993 it was closer to 
the south mountain. The mean distance between fall ranges 
for the Killdeer Mountain elk was 3.10 km. However, during 
the study period both elk still occupied the same fall 
ranges by moving to the north mountain only during the fall 
season in both years (Fig. 4). Individual seasonal home 
range patterns are shown in Appendix B. There was a 
significant difference (P < 0.01) between the summer and 
fall ranges for both Killdeer mountain elk (Table 2). The 
mean distance between summer and fall ranges for the 
Killdeer Mountain elk was 3.65 km.
Badlands Elk
Five of the 7 badlands elk summered primarily on the 
north side of the Little Missouri river on the Figure 4 
Ranch. During the fall these elk used the river bottom and 
nearby areas (Fig. 5). The remaining 2 badlands study 
animals occupied different ranges. Elk #8 was captured in
22
Fail
Figure 4. General seasonal home range pattern of elk #1 and
2.
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FaH
Figure 5. General seasonal home range pattern of elk 
#3,5,6,9, and 10.
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the vicinity of Burnt Creek and was the only cow to travel 
in the Burnt Creek drainage. She spent most of the summer 
in Burnt Creek, then moved north out of the badlands 
topography into more agricultural pasture areas in the fall 
(Fig. 6). Her radio signal disappeared after the first 
field season.
The other badlands cow (#4) was captured as a calf 
along the Little Missouri river and was the only cow to 
cross Highway 22 and move east into Fort Berthold Indian 
Reservation where she spent the summer and fall of 1993 
(Fig. 7). I could not detect a signal during most of 1992 
so very little data were collected.
There was no difference (P < 0.05) in the summer range 
of 1992 versus 1993 for any badlands study animal. Only one 
cow elk (#10) showed a significant difference (P < 0.05) 
between fall of 1992 and the fall of 1993 (Table 2). The 
mean distance between summer ranges was 0.82 km, and fall 
ranges was 1.10 km. All cows except one (elk #9) showed a 
significant difference (P < 0.01) between the summer versus 
fall range (Table 2). The mean distance between the summer 
and fall ranges was 4.04 km.
Elk #9, which summered primarily on the Figure 4 Ranch, 
moved in both summers to the big gulch drainage (located on 
the south side of the Little Missouri river) where she would 
spend a few weeks and then return to the Figure 4 Ranch area 
(Fig. 8). This type of movement influenced her mean summer
25
Figure 6. Seasonal home range of elk #8. Summer locations 
are represented by x ’s while fall locations are represented 
by squares.
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Primitive road— -
Figure 7. Seasonal home range of elk #4. Summer locations 
are represented by x ' s  while fall locations are represented 
by squares.
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Figure 8. Distribution and seasonal home range pattern for 
elk #9. Summer locations are represented by x ’s while fall 
locations are represented by squares.
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location. Her distribution of locations does indicate a 
seasonal shift between summer and fall ranges; she spent 
most of the fall along the river bottom and adjacent areas. 
All radio collared cow elk exhibited a high degree of 
seasonal home range fidelity, as well as seasonal movement 
between summer and fall ranges (Table 2).
Wintering Areas
Two different wintering areas were identified during 
1993. Five elk were on the north side of the Little 
Missouri river on the Figure 4 ranch and two elk were 
located on the south Killdeer Mountain (Fig. 9). Local 
residents observed 30 - 40 elk on the Figure 4 ranch from 
January - March, 1993.
Habitat Selection
The first question of the habitat selection analysis 
was to test the null hypothesis (H01) that usage occurs in 
proportion to availability, considering all habitats 
simultaneously. If the null hypothesis was rejected then 
the second null hypothesis (H02) was to determine which 
habitats were used or avoided. Both hypotheses were 
analyzed separately for the Killdeer Mountain unit (N = 2 
cow elk) and the badlands unit (N = 7 cow elk). Habitat use 
by elk on the Killdeer Mountains was different than 
availability during both summer (G = 115.40, 4 = df, P <
29
5 km
Figure 9. General wintering areas for the Killdeer Mts. 
(n=2) and badlands (n=6) cow elk.
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0.001) and fall (G = -276.52, 4 = df, P <  0.001). Habitat 
use by elk occupying the badlands area was also different 
than availability during both summer (G = 258.50, 8 = df, P 
< 0.001) and fall (G = 260.63, 8 = df, P < 0.001).
Killdeer Mountain unit:
Five habitat types were identified relevant to habitat 
selection: grass, agriculture, oak/ash, birch/aspen, and 
grass/shrub. During the summer both elk used birch/aspen 
more than expected and used grass, agriculture and 
grass/shrub less than expected (P < 0.01, Table 3). In the 
fall the results we~e the same as summer; however, they also 
used oak/ash more than expected (P < 0.01) and used 
grass/shrub in proportion to availability (Table 3). Figure 
10 illustrates the shift in habitat use from birch/aspen in 
the summer to more oak/ash in the fall.
Badlands unit:
Nine habitat types were identified relevant to habitat 
selection: grass, nonvegetation, agriculture, oak/ash, 
cottonwood, deciduous/juniper/shrub, grass/deciduous, 
grass/shrub, and grass/'nonvegetation/shrub. During the 
summer oak/ash timber was the only habitat used more than 
availability (P < 0.01, Table 4). Only
deciduous/juniper/shrub and grass/nonvegetation/shrub were 
used in proportion to availability, the remaining six
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Table 3. Habitat types, availability3 (avail) of habitats, 
seasonal use (% Loc) by cow elk, and habitat selection on 
the Killdeer mountain unit.
Habitat
Summer 
(n=84)
Fall
(n=66)
% Avail % Loc Habitat
Selection"
% Loc Habitat
Selection"
Grass 35 2 - 5 -
Agriculture 22 0 - 3 -
Oak/Ash 12 7 30 ■f
Birch/Aspen 17 90 + 55 +
Grass/shrub 11 0 - 8
a Approximately 155 km2 available
b Habitat used more than available (+); less than available 
(-)
cZ-score, P < 0.01
habitats were used less than expected (P < 0.01, Table 4).
In the fall there was a general shift from the oak/ash 
timber to agriculture, cottonwood timber along the river 
bottom and grass/deciduous (Fig. 11). However, oak/ash 
timber was still used more than expected along with 
agriculture and cottonwood timber (P < 0.01, Table 4). 
Grass/deciduous was the only habitat type used in proportion 
to availability; the remaining 5 were all used less than 
expected (P < 0.01, Table 4).
Two cows (#4 and 8) were the exception to this general 
fall pattern, and maintained their use of oak/ash timber.
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Figure 10. Seasonal habitat use of the Killdeer Mountain 
elk: GR - grass; AG - agriculture; OA - oak/ash; BA -birch/aspen; SS - grass/shrub.
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Table 4. Habitat types, availability'3 (avail) of habitats, 
seasonal use (% Loc) by cow elk, and habitat selection" on 
the badlands unit.
Summer 
(n=272)
Fall 
(n=222)
Habitat % Avail % Loc Habitat
Selection0
% Loc Habitat
Selection1"
Grass 30 8 6 —
Nonveg 10 0 0 -
Agriculture 5 1 13 +
Oak/Ash 18 78 + 36 +
Cottonwood 2 0 35 +
deciduous/
Juniper/
shrub 4 4 0
Grass/
deciduous 12 5 9
Grass/shrub 12 0 1 -
Grass/nonveg/
shrub 6 3 0 -
a Approximately 450 km2 available
3 Habitat used more than available (+); less than available 
(-): Z-score, P < 0.01.
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Figure 11. Seasonal habitat use of the badlands elk: GR - 
grass; NV - nonvegetation; AG - agriculture; OA - oak/ash; 
SW - cottonwood; DJS - deciduous/juniper/shrub; GD - grass/deciduous; GS - grass/shrub; GNS - 
yrass/nonvegetation/shrub.
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Elk #4 remained east of Highway 22 in Fort Berthold Indian 
Reservation where the river bottom is more of a floodplain 
and does not contain cottonwoods. Elk #8 moved north of 
Burnt creek and used patches of oak/ash timber associated 
with pasture and agricultural lands.
Habitat Use by Time of L^y
When habitat use is broken down into 4 equal daylight 
periods (early morning, mid-day, late afternoon, and early 
evening, Table 5) some interesting patterns are revealed. 
During the summer the Killdeer Mountain elk predominately 
used the birch/aspen timber during all periods of the day 
with 14% of early evening locations occurring in grass 
habitat. During the fall, the timber types (birch/aspen and 
oak/ash) were used most often from mid-day through early 
evening. However, 13% of early evening locations occurred 
in complex grass/shrub. Habitat use during the early 
morning period were more evenly distributed between grass 
fields, birch/aspen, oak/ash, and grass/shrub, 15, 23, 38, 
23% respectively (Table 6).
The badlands elk heavily used the oak/ash timber during 
the summer from mid-day through early evening. The early 
morning locations consisted mostly of oak/ash (50%), and 
grass fields (34%), with minimal use of agriculture, 
deciduous/juniper/shrub, and deciduous/grass (Table 7).
During the fall, habitats used most often by elk from
Table 5, Daylight time periods.
DATES
early
morning mid-day afternoon
early
evening
JUNE 1 - JULY 15 5:00-9:00 9:00-13:00 13:00-17:00 17:00-21: 00
JULY 16 - AUG 31 6:00-9:30 9:30-13:00 13:00-16:30 16:30-20: 00
SEPT 1 - OCT 26 7:00-10:00 10:00-13:00 13:00-16:00 16:00-19: 00
OCT 26 - DEC 1 7:30-10:00 10:00-12:30 12:30-15:00 15:00-17: 30
Table 6. Percent of habitat use by time of day by cow elk on the
Kilideer mountain unit during summer (sum) and fail.
early early
morning mid-day afternoon evening
Habitat Sum Fall Sum Fall Sum Fail Sum Fall
Grass 0 15 0 0 0 5 8 0
Agriculture 0 0 0 0 0 0 0 7
Oak/Ash 7 23 9 40 10 48 4 20
Birch/Aspen 93 38 91 60 90 48 88 60
Grass/shrub 0 23 0 0 0 0 0 13
Table 7. Percent of habitat use by time of day by cow elk on the
badlands unit during summer (sum) and fall.
early early
morning mid-day afternoon evening
Habitat Sum Fall Sum Fall Sum Fall Sum Fall
Grass 34 8 0 0 3 0 10 7
Nonveg 0 0 0 0 0 0 1 0
Agriculture 5 24 0 0 0 0 0 0
Oak/Ash 50 22 93 63 86 57 80 42
Cottonwood 0 37 0 34 0 21 0 35
deciduous/
Juniper/
shrub
8 0 2 0 8 0 0 0
Grass/
deciduous
3 9 2 3 0 21 4 8
Grass/shrub 0 1 0 0 3 0 1 8
Grass/nonveg/
shrub
0 0 0 0 3 0 1 0
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mid-day through early evening were cottonwoods along the 
riverbottom and oak/ash timber (Table 7). However, 21% of 
afternoon locations occurred in deciduous/grass. Habitat 
use of early evening locations consisted of light use (<10%) 
of grass, grass/shrub, and deciduous/grass with heavy use of 
oak/ash and cottonwoods (Table 7). The greatest variety of 
habitat use occurred during early morning. The dominant 
habitats used during this time period were oak/ash, 
cottonwood, and agriculture with minimal use of grass and 
deciduous/grass (Table 7). Agricultural crops used most 
often by elk in the badlands unit were Sudan pasture and oat 
fields.
Reproduction and Population Structure 
All blood samples collected from adult cows during the 
capture operation tested positive for pregnancy, with levels 
of progesterone greater than 2.4 ng/ml (Weber and Wolf 
1982). All collared cows except one calved during 1992, all 
calved in 1993 and four were known to have calved in 1994 
(Table 8). Calving areas are identified in Figures 12 and 
13. All of the calving areas identified were associated 
with forested habitats. The badlands study animals used 
oak/ash timber while the elk on the Killdeer Mountains used 
birch/aspen stands. One study animal calved as a 2-year- 
old, which is characteristic of highly productive elk herds 
(McCorquodale et. al. 1988, Gogan and Barrett 1987). Calves
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Table 8. Calving success of 
N=no, ?=unknown). radio collared
elk (Y'=:yes,
ELK # 1992 1993 1994
1 Y Y 7
2 Y Y ?
3 * Y — —
4 (yearling 1992) — Y 7
5 N Y Y
6 Y Y Y
8* Y — —
9 Y Y Y
10 Y Y Y
Total 7/8 7/7 4/?
* Harvested during 1992
were first observed on 5 June in 1992 and 31 May in 1993.
Collared elk calved around 29 May during both years •
Complete herd -composition data from 15 June - 25
October were used to calculate demographic ratios. The
average calf:cow, bull:cow, and yearling bull:cow ratios 
were 0.78, 0.20, and 0.17 respectively (Table 9). The 
calf:cow ratio increased from 0.72 in 1992 to 0.83 in 1993 
whereas the bull:cow and yearling bull:cow ratios remained 
about the same over the 2 years of the study.
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Figure 12. Indentified calving areas for elk in the 
Killdeer Mts, Burnt creek and the Figure 4 ranch area.
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Figure 13, Indentified calving area for elk #4
Table 9. Population structure from herd compositions during 
15 June - 25 October.
ratios 1992 1993 average
calf:cow 0.72 0.83 0.78
bull:cow 0.19 0.21 0.20
yrlbull:cow 0.18 0.15 0.17
number observations 43 19
Diet Analysis
A total of 40 elk fecal samples from the badlands were 
collected in summer 1992 and 5 in 1993. The summer 1992 
samples were subdivided into two "replicates" and submitted 
for analysis. Elk fecal samples from the Killdeer Mountains 
were collected only during summer 1992 (n=14). Five cattle 
fecal samples were collected during summer 1992 in the 
badlands region and 10 from the Killdeer Mountains. Fall 
samples were collected only during 1993 in the badlands 
region for elk (n=20) and cattle (n=20).
Appendix C lists all plant species identified in the 
fecal analysis. The summer diet for the Killdeer mountain 
elk was evenly composed of approximately 30% forbs, shrubs 
and grasses, whereas the badlands elk utilized more shrubs 
(Table 10). The summer diet for elk in the badlands of 1993 
show a dramatic increase in forbs (51.1%). The dominant 
forb consumed by elk in the summer of 1993 was yellow
Table 10. Forage class diet composition (%) for elk and cattle by region.
Badlands Killdeer Mts
Elk Cattle Elk Cattle
Forage
class
Summer
1992
Summer
1992
Summer
1993
Fall
1992
Summer
1992
Fall
1993
Summer
1992
Summer
1992
Forbs 32.1 23.6 51.1 28.3 14.0 5.7 30.0 11.8
Shrubs 47.1 36.0 39.8 20.2 3.3 0.2 27.6 0.3
Grasses 17.0 34.8 8.4 44.6 73.3 84.6 34.3 63.2
Other 3.8 5.6 0.7 6.9 9.4 9.5 8.1 24.7
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sweetclover (Melilotus officinalis). This plant bloomed in 
the badlands during the summer of 1993 following nearly 30.5 
cm (12 inches) of rain which fell during June and July. The 
dominant shrub consumed during both summers for elk in the 
badlands was silver buffaloberry (Shepherdia argentea) . 
Greatest use of grasses occurred during the fall with 
slender wheatgrass [Agropyron tnachycaulum) contributing the 
most (Appendix C).
Graminoids dominated the cattle diet during summer and 
fall (Table 10). Bluegrass (Poa sp.) and (Puccinellia 
nuttalliana) were most heavily consumed by cattle during the 
summer and fall (Appendix C).
DISCUSSION
Movements
The northern badlands elk exhibited a seasonal shift 
between summer and fall ranges, and returned to these areas 
the following year. Numerous elk studies have documented 
fidelity to seasonal or annual home ranges (Brazda 1953, 
Craighead et al. 1973, Edge et al. 1985, Knight 1970, Smith 
and Robbins 1994).
However, even though there was movement between summer 
and fall ranges the elk in the northern badlands do not 
appear to exhibit migratory behavior. Migration is defined 
as "periodic movements of animals away from a region and 
their subsequent return to the same region" (Orr 1982). Elk 
herds which are considered migratory show distinct movement 
between summer and winter ranges (Knight 1970, Craighead et 
al. 1972, Murie 1951). Both the Killdeer Mountain elk and 
those occupying the badlands region, exhibit some overlap 
between seasonal ranges. The elk on. the Kiiideer Mountains 
winter on the Kiiideer Mountain Wildlife Management Area 
which borders the summer range on the south mountain. The 
badlands elk use the same area in winter as in the fall 
which also overlaps with a portion of the summer range.
The two primary reasons for the nonmigratorv behavior
of the northern badlands elk appear to be: 1) The area is of 
low elevation, the change between the Little Missouri River 
(564 meters above sea level (msl)) and the top of the breaks 
(747 msl) being approximately 130 m (550 ft). On the 
Killdeer Mountains the elevations range from only 823 msl 
(2500 ft) to 975 m (2900 ft), 2) The winters are long and 
cold with little snow accumulation. The mean number of days 
with 15 cm or more of snow on the ground are 30 with only 1 
day greater than 45 cm (Jensen 1974).
Most migratory herds are found in mountainous areas and 
migrate vertically in response to changes in forage species 
and weather conditions (Adams 1982). Snow depth and type of 
snow cover can be the primary factor triggering the onset of 
autumn migration (Adams 1982). Elk in the northern badlands 
don't experience a great annual fluctuation in resource 
availability to drive the development of migratory behavior. 
Given the right combination of food, water and shelter elk 
may remain in a given area year round (Adams 1982).
Habitat Use
The northern badlands region offers a mosaic of 
habitats including timber types, open grassy meadows, and 
various complexes which provide thermal and safety cover as 
well as a diversity of grasses, forbs and shrubs for forage. 
Elk utilized most habitat types disproportionately relative 
to availability. Habitat use was also different between the
summer than in the fall for both the Badlands elk and the 
Killdeer Mountain elk. Timber types were used most often by 
elk in both summer and fall. Prime elk habitats are 
commonly associated with coniferous and/or deciduous forests 
(Skovlin 1982) .
However, habitat types which were used less than 
available (grass, nonvegetation, and all the complexes) 
should not imply that they are unimportant to elk. The data 
presented in this study are on diurnal behavior and elk are 
often active at night (Westfall 1989, Merrill et al. 1987 
McCorquodale et al. 1986).
Elk in the northern badlands and on the Killdeer 
Mountains heavily used timber types more during mid-day and 
afternoon when they are generally inactive, and showed the 
greatest diversity of habitat use during early morning and 
early evening when activity is the greatest. In TRNP 
behavioral observations of elk indicate they usually bedded 
in wooded draws and fed in grasslands (Sullivan 1988).
The most common grass, forb, and shrub identified in 
the fecal analysis were slender wheatgrass, yellow 
sweetclover, and silver buffaloberry, respectively (Appendix 
C). These forage species were not commonly found in the 
forest habitats. Slender wheatgrass was mostly found in the 
complex deciduous/juniper/shrub, yellow sweetclover was most 
common along the river bottom and in all the complexes, and 
silver buffaloberry was most common in 3 complexes
(grass/deciduous, grass/shrub, and grass/nonveg/shrub, 
Appendix C). Elk in TRNP show a strong preference for 
juniper draws, but also exhibited heavy use of open prairie 
grasslands consisting of western wheatgrass (Agropyron 
smithii) and green needlegrass (Stipa viridula) (Westfall 
1989) .
It was once thought that Rocky Mountain elk would not 
adapt to the Northern Badlands region (Knue 1991). The 
reintroduction in the 1940's and the size and condition of 
the current population is clear evidence that Rocky Mountain 
elk can adapt to the Great Plains ecosystem. This is not 
surprising since elk once roamed over the entire United 
States, occupying a variety of ecosystems (Skovlin 1982) .
Elk are considered generalists and have the ability to use a 
wide variety of forage plants. In 1993 the elk in the 
northern badlands increased their summer diet of forbs to 
51% by taking advantage of the bloom of yellow sweetclover. 
Elk in the Missouri River Breaks of northcentral Montana 
have also utilized yellow sweetclover when available, and 
the species comprised more than 50% of the total summer diet 
(Mackie 1970). Westfall (1989) reported yellow sweetclover 
as preferred forage (when available) for elk in TRNP.
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Social Structure
The telemetry data revealed 5 relatively distinct herd 
segments: 1) Killdeer Mountain 2) Burnt creek 3) Figure 4 
ranch 4) Fort Berthold Indian Reservation and 5) Big Gulch 
(Fig. 14). Herd segments 1 - 4  were determined through 
radio telemetry. The evidence indicating a herd segment in 
Big Gulch are: 1) In the fall, local residents have observed 
crop damage by 20-30 elk in this area. However, none of the 
female study animals were located in Big Gulch during the 
fall. Elk #9 traveled to Big Gulch in mid-summer, but 
returned to the Figure 4 ranch area and remained throughout 
the fall. 2) Local residents have also reported elk 
wintering in the Big Gulch drainage, however, the radio 
collared cows did not winter in this region.
There was minimal movement between herd segments. The 
one collared yearling female did cross Highway 22 and travel 
between Fort Berthold Indian Reservation and the Figure 4 
ranch area. In addition elk #9 traveled between Big Gulch 
and the Figure 4 ranch area. Discrete cow herd segments 
appear to be a common social structure for elk and have been 
well documented for many Rocky Mountain and Roosevelt elk 
herds (Edge et al. 1986, Craighead et al. 1973, Franklin et 
al. 1975, Knight 1970, Martinka 1969, Smith and Robbins 
1994). Edge et al. (1986) identified 2 discrete cow herd 
segments and reported rare interherd movement..
The data on reproduction indicate that the northern
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15 Km
Figure 14. Locations of the 5 herd segments: 1) Killdeer 
Mountain 2) Burnt creek 3) Figure 4 ranch 4) Fort Berthold 
Indian Reservation and 5) Big Gulch.
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badlands elk herd is very productive. During the study 
period the calf:cow ratio averaged 0.78, cows produced 
calves annually and the radio collared yearling produced a 
calf as a 2 year old. These data are consistent with other 
newly established elk herds which have experienced rapid 
population growth (McCorquodale et al. 1988, Gogan and 
Barrett 1987, Murphy 1963, Westfall 1989). It has been 
suggested that "high" incidence of yearling pregnancy is a 
valuable indicator of highly productive elk herds 
(McCorquodale et al. 1988). Herds with low to "normal" 
productivity have reported calf:cow ratios around 0.30 
(Craighead et al. 1973, Knight 1970).
With a high calf:cow7 ratio (0.72) in 1992 one might 
expect a higher yearling bull:cow ratio than 0.15 in 1993. 
Assuming a 50:50 sex ratio at birth the male calf:cow would 
be 0.36, using a survival rate of 0.67 (McCorquodale et al. 
1988) would result in a yearling bull:cow ratio the 
following year of 0.24. There are many potential reasons 
for a lower observed yearling bull:cow ratio; 1) it is 
possible the sex ratio at birth is not 50:50, 2) the male 
calf survival rate may be lower than 0.67, 3) not all spikes 
were observed, and 4) dispersal rates are usually greatest 
among yearling bulls.
The intrinsic rate of increase (rra) for the northern 
badlands elk herd was not calculated since it requires years 
of good census data which are not available at this time.
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However, based cn the reproduction data it seems possible 
the intrinsic rate of increase (rj for the northern 
badlands elk herd is as high as 0.30. Other elk herds which 
have increased rapidly have reported growth rates (rm) 
ranging from 0.29 - 0.31 (McCorquodale et al. 1988, Gogan 
and Barret 1987, Murphy 1963, Westfall 1989). Forty seven 
Rocky Mountain elk introduced to TRNP in 1985 increased to 
just over 400 by 1993 (Roger Andrascik pers. comm. Theodore 
Roosevelt National Park). This population experienced a 
growth rate (rm) of fi.31 from 1985 - 1988 (Westfall 1989).
Currently it is unknown if the northern badlands elk 
herd is actually increasing, since there are little 
information on calf or adult survival rates. However, the 
available data do indicate there is no problem with calf 
production at this time, and no radio collared study animals 
died of natural causes. Presently the major factors most 
likely controlling the population are winter and calf 
mortality, and hunter harvest.
Population model
A model was developed to predict the population growth 
for a herd of 100 animals over a 10 year period under 5 
different management scenarios. The initial herd 
composition was determined by using the average demographic 
ratios computed from the census data during the study 
period. It was not necessary to separate yearlings from
adults since yearling females were included in the calf:cow 
ratio and NDGF issues antler and antlerless permits.
McCorqjodale et al. (1988) recorded male survival rates 
on the order of 90% with females close to 100%. During the 
study in the northern badlands there were no signs of 
mortality among adult elk except for hunter harvest, and 
coyotes were the only large predator present in the study 
area. Therefore, an adult survival rate of 0.95 was used in 
the model to account for any mortality which may occur 
outside the legal harvest.
The^number of males and females surviving to the 
following year were determined by first multiplying each by 
a survival rate of 0.95 and adding the number of male and 
female calves surviving in that year to each category.
Calves surviving to the following year were determined by 
multiplying the number of calves present in the population 
by a survival rate of 0.67 (McCorquodale et al. 1988), then 
dividing by 2 (assuming a 50:50 sex ratio at birth) and 
adding that number to males and females. At this point any 
harvest levels were subtracted from the males and females. 
The number of calves produced in a given year was determined 
by multiplying the number of cows present before any harvest 
by the calf:cow ratio of 0.78 (average calf:cow during the 
study period). Projections were made according to the 
following equations:
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males(t>1 = (males,. * (0.95) + (calves., * (0.67) )/2) - hi 
females(t+1) =(females(tJ* (0.95) + (calves,,,* (0.67) )/2) - hi 
calves(t+1, = (females(t * {0.95) + (calves,,.* (0.67) ) /2) *0.78 
where; t = time (year), hi = harvest level
The model assumes constant reproduction and mortality 
rates among the different age classes, emigration equalled 
immigration and no density-dependent factors affecting the 
population.
The 5 scenarios for which population growth were 
determined are 1) no harvest levels, 2) current harvest 
levels of 7 males and 7 females, 3) skewed harvest of 12 
males and 2 females, 4) an increase in the harvest levels 
from 7 males and 7 females to 10 males and 10 females after 
5 years, 5) current harvest levels of 7 males and 7 females 
with the loss of a calf crop after 5 years. The population 
levels for the 5 scenarios after 10 years are 715, 383, 547, 
334, and 263, respectively. The population growth curves 
for each scenario are illustrated in Figure 15.
The intrinsic rate of population growth (rj was 
approximated from the linear regression (least squares 
method) of the loge numbers (animals in the population) on 
time, with the slope of the regression line equal to rm 
(Caughley and Birch 1971, Gogan and Barrett 1987). The 
intrinsic rates of increase determined for the 5 scenarios 
were 0.22, 0.15, 0.19, 0.13, 0.10 respectively over a 10
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Figure 15. Growth curves for the population model,
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year period.
Models to predict population growth have been developed 
before. However, they usually create fecundity tables which 
represent the age disuribution Ol an entire population and 
require survival and reproductive rates for each age class 
(Taber et al. 1982). Data on specific age/sex distribution 
as well as survival and reproductive rates for each age 
class is lacking for the northern badlands elk herd. As a 
result a simplistic model was developed to demonstrate the 
potential growth of a herd of 100 over a 10 year period 
given 5 different scenarios. The evidence indicates that 
this herd is probably growing, and that hunter harvest level 
is the dominant factor slowing the growth rate at the 
present time. Carrying capacity has been defined as "the 
maximum population that can be supported by the available 
resources" (Campbell 1990). Researchers at TRNP and Wind 
Cave National Park (WCNP) have determined the optimum elk 
carrying capacities for these sites to range from 1.32 - 
2.64 elk/km2 (Westfall 1989, Wydeven and Dahlgren 1985).
Both of these studies considered competition from other 
ungulates (bison (Bison bison), feral horses, mule deer 
(Odicoilus hemionus) and pronghorn (Antilocapra americana)). 
In the northern badlands other ungulates include cattle 
(Bovis bovis) , horses, mule deer and white tailed deer (0. 
virginanus), The elk population in the study area would 
have to reach 1,200 animals before a density of 2 elk/km2
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would be achieved. Under the current harvest levels of 7 
males and 7 females it will take approximately 17 years to 
reach a population level of 1,200 elk (Table 11).
The model demonstrates the importance of hunting for 
slowing the population growth at this time and reveals the 
necessity of harvesting females to maintain a slow growth 
rate. The intrinsic rate of increase and time to reach 
1,200 animals ’were similar for scenario 1 (no harvest) and 3 
(skewed male harvest) (Table 11).
Management Implications and Recommendations
Biologically, the future of elk in the northern 
badlands is very promising. They have adapted to their new 
environment, exhibit a high degree of fidelity to their home 
ranges, and productivity is high among female elk. The 
opportunity exists for growth of a large population. If the 
population does increase rapidly such issues as crop 
depredation, property destruction, competition with 
livestock and potential for disease transmission will have 
to be addressed. It is the goal of the NDGF department to 
maintain a small huntable population that is within the 
acceptable tolerance level of the local ranching community 
(W.F. Jensen NDGF pers. comm.)
Forage studies have shown the greatest dietary overlap 
between elk and cattle to occur during the spring and fail 
when both heavily utilize grasses (Knowles 1975, Mackie
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Table 11. Intrinsic rate of increase and population size for 
the 10 year period and time to reach optimum carrying 
capacity of 1,200 animals for the 5 scenarios used in the 
population model.
scenario
population 
level after 
10 yrs
rm for 
the 10 yr 
period
time (years) to 
reach 1,200 
animals
1 715 0.22 13
2 383 0.15 17
3 547 0.19 14
4 334 0.13 18
75 263 0.10 19
Scenarios:
1) no harvest levels.
2) current harvest levels of 7 males and 7 females.
3) skewed harvest of 12 males and 2 females.
4) an increase in the harvest levels from 7 males and 
females to 10 males and females after 5 years.
5) current harvest levels of 7 males and 7 females with the 
loss of a calf crop after 5 years.
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1970, Stevens 1966). Knowles (1975) reported that elk avoid 
areas of heavy grazing by livestock. The fecal analysis 
reveals the greatest dietary overlap between elk and cattle 
occurs for grasses. However, the data also suggests that on 
a species by species comparison little overlap currently 
exists (Appendix C). The most common grasses found in the 
cattle diet were Poa spp. and Bromus spp.r while slender 
wheatgrass was the most common in the elk diet. Further 
food habit studies need to be conducted to better evaluate 
the potential competition between elk and cattle in the 
northern badlands.
Disease transmission may be a potential problem when 
large numbers of elk and cattle come into contact (Smith and 
Robbins 1994) . The greatest potential for this to occur is 
during the winter when elk congregate on their winter range. 
Every effort should be made to keep contact at a minimum.
Elk should be monitored in the winter to further 
identify traditional wintering grounds and obtain better 
population estimates. Visibility for census is usually 
better during the winter, especially in forested areas. 
Habitat management of winter ranges may reduce the chance of 
elk seeking feed on private land and interacting with 
cattle. It is important to maintain a good quality 'winter 
range, not only to help animals survive the winter but also 
to prevent elk from searching for food elsewhere.
If portions of the winter range are being grazed by elk
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and/or cattle year round, habitat improvement may be 
necessary, or limit range use (during the summer) to ensure 
a good quality winter range. Knowledge of seasonal ranges 
will enable managers to monitor habitat quality and minimize 
development and disturbance of these areas which may cause 
elk to seek out new areas. Agriculture crops are only used 
in the fall. During this time much of the high quality 
forage begins to disappear and elk will seek out succulent 
crops which are available to them. As a result this problem 
cannot be solved by habitat manipulation (since there is 
nothing wrong with the range) but rather through hazing 
techniques and/or an early hunting season.
Today wildlife managers must look beyond the biological 
requirements of a species and include the human element as 
well. Human factors affect decisions on the management of 
wildlife population levels which have been referred to as 
wildlife acceptance capacity (WAC) (Decker and Purdy 1988). 
This concept deals wrnth the maximum wildlife population 
level for a given area which is acceptable to people. The 
elk released in the 1940's as well as the current population 
in this region have already demonstrated their adaptability. 
From a biological standpoint the elk herd needs very little 
management; at the present time there is plenty of food, 
water, cover and space. However, in the late 1940's private 
landowners upset about crop damage took matters into their 
own hands and exterminated the local population. It is very
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important to continue to work closely with private 
landowners and assess WAC levels for all constituent groups 
interested in the northern badlands elk herd. Management 
will revolve more around determining a desired population 
level and controlling the herd through appropriate harvest 
levels. This should be an ongoing process since WAC levels 
may change through time.
Conclusion
The telemetry data revealed 4 distinct herd 
segments. Within these herd segments elk exhibited a high 
degree of home range fidelity with seasonal movements 
between summer and fall ranges. The Killdeer Mountain elk 
used Birch/Aspen timber on the south mountain and shifted to 
Oak/Ash and Birch/Aspen timber on the north mountain in the 
fall. Elk in the badlands region used Oak/Ash timber most 
of the summer with a shift in the fall to cottonwoods along 
the river bottom, agriculture and Oak/Ash timber. Radio 
collared elk calved annually during the study with an 
average calf:cow ratio of 0.78.
APPENDICES
APPENDIX A
VEGETATION ANALYSIS OF THE NORTHERN BADLANDS STUDY AREA
Eleven different vegetation types were determined and 
used for habitat mapping; 3 open habitats, 4 timber types 
and 4 complexes. The woodland habitat types followed the 
classification of Wali et. al. 1980.
Grass: This vegetation type included open grassy fields.
Of the 55 species sampled grasses covered 52% of the 
ground (Table 12). The dominant graminoids were Blue 
grama (Bouteloua gracilis) and sedge (carex spp.). 
Virtually no vertical cover was present above 0.5m and 
only 11.5% of the visibility board was covered below 
0.5m (Table 13).
Nonvegetation: This habitat occurred on steep scuth facing
clay slopes and was devoid of vegetation.
Agriculture: Agricultural fields were considered to be any
field which were plowed and sowed. Common crops 
consisted of wheat, oats, corn, and durum.
Juniper: Rocky Mounatain juniper (Juniperus scopulorum)
stands covered <1% of the study area and were found 
mainly on north facing slopes. The shrub layer was
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very well developed and covered 78% of the underlying 
surface area. Chokecherry (Primus virginiana) was the 
most common shrub (Table 12). The vertical cover for 
all sections of the visibility board were >80% covered 
(Table 13).
Oak/ash: This was the most common timber type and covered
17% of the study area. These timber stands were a mix 
of bur oak (Quercus macrocarpa), green ash (Fraxinus 
pennsylvanica) , and some American elm (Ulmus 
americana). The shrub layer dominated the understory 
and covered 78% of the surface area (Table 12). The 
most common shrubs were chokecherry and western 
snowberry (Symphoricarpos occidentalis, Table 12). The 
vertical cover below 1.0m was >85% while above 1.0 m 
was >70% (Table 13).
Birch/aspen: Birch/aspen stands cover most of the south
Killdeer Mountain. The overstory is dominated by paper 
birch (Betuia papyrifera) and aspen (Populus 
tremuloides). The understory is very dense, with 
shrubs covering 90% of the surface area (Table 12).
The dominant shrubs were beaked hazel (Corylus 
cornuta), {Corylus spp.) and chokecherry. The vertical
cover below 2 m was >80% (Table 13).
Cottonwood/salix: This habitat type occurred only along the
river bottom and was dominated by eastern cottonwoods 
(Populus deltoides) and large patches of willow (Salix
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spp.). It contained the least amount of vertical cover 
among the timber types. Only below 0.5 m was the 
vertical cover >80% (Table 13). The shrub layer 
consisted of only 39% of the ground cover with western 
snowberry and Salix spp. being the most dominant (Table 
1 2 ) .
Deciduous/Juniper/shrub: This habitat type typically
contains patches of deciduous timber (oak, ash or elm) 
and Rocky Mountain junipers with open shrubby areas. 
Shrubs contributed 59.5% to ground cover (Table 12) and 
the most common were chokecherry and Rocky Mountain 
juniper (which were <2 m). Below 2 m the vertical 
cover was >70% with the most occurring below 0.5m 
(Table 13).
Grass/deciduous: This habitat type is characterized as open
grassy fields with patches of deciduous timber (usually 
oak or ash). Grasses and shrubs provided more than 50% 
of the ground cover (Table 12). The dominant 
graminoids were Kentucky bluegrass (Poa pratensis) and 
sedge (Carex spp.), and the dominant shrub was western 
snowberry (Table 12). This habitat type contained the 
greatest vertical cover among the complexes. Below 2 m 
the vertical cover was >70% (Table 13).
Grass/shrub: These areas consisted of open grassy fields
with >25% shrub components. Grasses contributed >40% 
to the ground cover while shrubs provided >50% (Table
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12). The most common grasses were western wheatgrass 
(Agropyron smithii), and the dominant shrub was western 
snowberry (Table 12). The vertical cover was greatest 
below 0.5 m (54%) and dropped sharply above 0.5 m 
(<25%, Table 13).
Grass/nonvegetation/shrub: These complexes consisted of
open areas with grassy fields intermixed with shrubs 
and bare ground. The ground cover was <30% for 
grasses, forbs and shrubs (Table 12). The dominant 
grass was western wheatgrass. Of the 17 shrubs sampled 
fringed sage (Artemesia frigida) contributed the most 
to ground cover but all were <3% (Table 12). The 
vertical cover was variable and ranged from 65-8% with 
the most occurring below 0.5m and the least between 2- 
2.5m (Table 13).
Tabie 12. Species composition and percent ground cover.
Species
G R ASSES
Agropyron
Agropyron
Agropyron
Andropogon
Androgon
Aristida
Bouteloua
Bouteloua
Bromus
Bromus
Bromus
Calamovita
Carex
Carex
Danthonia
DistichiHs
Elymus
Juncus
Koeleria
Muhlenbergia
Muhlenbergia
Oryzopsts
Panicum
Poa
Habitat Type
Grass Juniper Oak/Ash B irch/ Cottonwood/' Deciduous/ Grass/ G rass/ G rass/
Aspen riverbottom  Juniper/ Deciduous shrub nonveg/'
shrub shrub
cristatum 1.29
smithii 5.21 J.69 0.33
trachycaulum
hallii
scoparius 5.13 0.46
longiseta 0.15
curtipendula
gracilis 8.02
carinatus
inermis 6.67
japonicus . 0.04
longifolia 1.81 1.13
spp 10.23 23.81 8.58 10.60
sprengelii
unispicata . 0.56
spicata
virginicus 0.13 0.40 0.52
spp
pyram id at a
racemosa
racemosa
1.96
0.88
0.25
0.88
asperifoiia . 8.81
capillare 0.25 .
pratensis 0.71 1.73 0.71
0.13 1.83 8.52 14.21 6.00
0.02 0.13
2.23
2.23 2.29 0.13 2.77
0.92
, 1.13 1.88 2.69 0.27
0.17 2.15 10.00 5.04
0.21
10.88 0.56 2.71
0.52
1.77 1.75 1.67 3.42 1.71
0.27 17.73 12.92 6.79 1.21
3.60
0.31 0.13 1.21
4.15 0.60 0.33
0.02
0.69 0.40 0.71 0.54
2.10 0.85 1.94 2.69
2.06
0.56
0.25 0.06
0.44 2.31 9.75 4.52 0.02
CTs
00
Table 12, (Continued)
Poa sandbergi 1.85
Puccinellia nuttalliana 0.02
Spartina pectinata
Sfipa comata 4.71
Stipa spartea 1.77
Stipa viridula 1.88 1.10
FO RBS
Io ta ! 51.81 29.20 11.04 21.22
Achillea lanulosa 0.42 0.17 0.02
Ambrosia artemisiarolia
Anemone patens 0 0 4
Antennaria spp 0.33 1.19
Apocynutri androsaemifolium 0,44 1.29 0.25
Aralia nudicaulis 7.63 £.33
Athpiex dioica
Arfemesia ludoviciana 1.79
Astragalus canadensis 0.19
Astragolus caryocarpus
Astragulus spp 0.50
Brassica kaber
Campanula rotundifolia 0.04 0.10
Cardus spp
Castilleja spp 0.98
Cerastuim arvense 0.23
Chamaesyce spp
Chenopodium spp
Comandra pallida 0.27 0.02
Convolvulus arvensis 0.33
Disporum trachycarpum 0.06 1.50 0.17
Echinacea angustifoiia 0.69 0.02
Equisetum hyemale
Erigonum spp
Fragaria spp 0.48 0.92 0.08
3.02 0.31
0.25 0.13 0.58
0.75
0.13 0.25 1.06 0.56 1.04
1.25 0.17 1.04 0.77
2.42 5.00 2.92 2.65
20.06 38 30 55.56 51.90 27.58
1.25 0.65 1.92 0.21
2.79
0.17 3.02
0.02
0.15
0.27
0.69
0.42 0.23 0.13 0.75 0.02
0.13
0.25 0.13 0.50 2.13
1.90 0.04
0.40
1.50
0.15
0.02
0.15
0.13
0.10 0.21 0.17 0.21
0.38
0.04 0.17
0.02 0.50 0.15 0.04
0.31
0.58 0.35 0.15 0.13
Table 12. (Continued)
Galium boreale 4.25 6.59 1.08
Galium triflorum 1.02
Gaura ooccinea 0.02 ,
Geum triflorum 0.15
Grindelia squarrosa
Hackalia spp 0.67
Hedeoma hispida 0.02
Hetorotheca villosa
Heuchera richardsomi 0.02 0.21 0.06
Hieracium scouleri 0.02 0.33
hlymenoxys acaulis 0.35
Lactuca pulchella
U lium philadelphicum 0.02
Linum lewisii
Linum perenne
Lotus americanum .
Lygodesmia juncea 0.21
Melilotus officinalis 1.00 0.79 0.02 0.02
Monarda fistulosa 0.10 0.17 1.13
Oenothera caespitosa
Opuntia polycantha
Petalostemum viliosum 1.71 0.04
Phlox hoodii 1.08
Plantago patagonica 0.10
Polygala alba 0.13
Psoralea escuianta 0.25
Pyrola secunda 0.06
Rudebekia spp 0.29
Sanicula marylandick 0.02 0.46 1.75
Sarcobatus verniculatus .
Senecio canus 0.13
Senecio spp 1.83
Smilax herbacea 0.13 0.04
Smilacina spp
4.90 6.10 1.79 0.96
0.17 0.02
0.04 0.13
0.02 0.02 0.25
0.13
0.13 0.08
0.17
0.08 0.15
0.04
0.13 0.02
0.02 0.71 0.04
0.65
0.15 0.02
14.73 4.71 5.10 8.96 2.92
0.15 0.77 1.54 0.65 0.31
0.13 0.06 0.19
0.27
0 27 0.38 0.15
. 0.04 0.31 0.58
0.04 0.02 0.04
0.19 0.48
0.06 0.44 0.17 0.13
0.17 0.13 0.31 0.40 1.42
0.04 ,
0.02
0.33 0.02 0.85 0.90
0.13 0.27 0.13
0.02
Table 12. (Continued)
Smilacina stellate 3.94 1.02 0.56
Solidago canadensis 0.02 0.13
Sphaeralcea coccinea
Suaeda depressa
Taraxacum officinale 0.19 0.44 0.50 0.17
Thalictrum venulosum 0.17 0.73 1.04
Thermopsis rhombifolia , .
Tradescantia bracteata , .
Tragopogon dubius
Vida americana 0.63 1.21 0.02 0.15
viola spp 0.54 0.04 1.69
SHRUBS
Total 12.60 14.40 21.39 19.65
Amelanchier alnifolia 0.02 2.54 3.15 4.77
Arctostaphylos uva-ursi 0.06
Artemisia cana 0  15 0.13
Artemesia frigida 1.73 0.23
Artemesia wyomingensis
Artem isL spp 0.13
Atripiex gardneri 0.13 .
Atriplex nutiu llii
Betula papyrifera 4.60
Celastrus scandens 0.79
Chrysothammis nauseosus
Chrysothamnus viscidiflorus
Corylus cornuta 23.31
Cornus stolonifera 1.65
Corylus spp 21.54
Crategus spp
Eurotia lanats
Fraxinus pennsylvanica 7.17 8.90 1.40
Juniperus communis 7.88 0.44
Juniperus horizontalis 5.10
0.19 3.23 1.38 0.25 0.06
0.69 0.02 1.40
, 0.33
0.31
0 33 0.19 0.40 0.02
0.04 0.58 0.75 0.02
0.31
0.02
0.13 0.13 0.17
1.10 0.35 1.90 0.67 1.69
0.23 0.13
23.62 18.99 28.12 20.02 16.25
1.29 3.38 0.60 0.48
0.90 0.90 2.96 2.77
. 0,02 0.44 3.31 1.42
0.46
0.56
0.13 0.13 0.90
0.27 •
0.81 0.02
0.56 0.15
0.83 0.02 0.44
4.27 0.81
0.71
0.44
4.85 7.40 5.56 2.04 1.33
2.67 3.90 0.31
>
0.15
T a b le  12. (Continued)
Juniperus scopt orum 22.04
Lonicera cilioss 0.29
Penstemon spp 0.71
Populus deltoides
Populus tremuloides 6.44
Prunus am eri:ana 0.13
Prunus virgimana 0.31 19.90 20.48 10.71
Quercus macrocarpa 5.13 0.48
Rhus aromatica 3.88 0.52
Rhus radicans 2.00 0.35 3.65
Ribes aureum 0.31
Ribes spp 0.13 0.13
Ribes missouriense 0.17 0.25 0.02
Rosa arkans na 0.85 1.35 0.63 0.88
rubus spp 0.69
salix spp
Shepardia argen a 0.81 ,
Symphoricarpos occici alis 1.42 9.52 10.71 8.63
Ulmus amen, na 2.00
Viburnum lentag 0.81
Vitis vulpim.
Yucca glaucs 0.13
F E R N S
Total 9.97 78.31 53.94 90.06
Cystopteris fragilis 0.04 .
Equisetum arvense
Total 0 0 0.04 0
Fungus 0.10
lichen 3.58 0.83
m o ss 0.06 0.48
16.73 1.42 0.83
0.13
0.65
0.31
0.02 13.08 9.31 3.40 0.25
1.23 0.04
3.75 5.15 3.50 1.44
4.17 0.02 0.67 0.25 0.75
0.33 1.56 0.13 1.04
6.00 1.06 3.77 2.00 0.52
8.08
1.77 2.46 1.96
11.02 9.19 14.94 18.83 2.35
. 0.33
, 0.56
0.15
0.13
39.21 59.48 54.84 42.56 17.38
0.50 0.27 0.81
0.19
0.19 0.5 0.27 0 0.81
0.15
0.42 0.94 1.25 1.21 0.75
2.54 0.56
N3
Total 3.68 0 0.06 1.31
IN E R T  GROUND COVER
litte r 71.85 82.79 82.60 87.67
bare ground 8.25 7.56 3.06 .
rock 0.15 0.02
w oody 10.04 4.65 9.98
0.42 3.48 1.81 1.36 0.75
49.58 81.42 93.19 76.73 37.75
41.58 10.40 2.17 9.90 51.10
1.52 0.88
7.29 2.31 5.15 1.04 2.77
-J
CO
Table 13. Percent o f vertica l cover
Habitat Type
Vertical
cover
section
Grass Juniper Oak/Ash Birch/
Aspen
Cottonwood/
riverbottom
Deciduous/
Juniper/shrub
Grass/
Deciduous
Grass/
shrub
G rass/
nonveg/
shrub
0-.5 11.5 96.0 97.0 96.0 87.6 89.2 72.8 54.1 65.3
.5-1 2.5 92.5 88.5 94.1 77.6 81.7 54.9 24.8 36.3
1-1.5 2.5 81.0 78.1 85.0 58.0 78.0 34.7 17.4 19.9
1.5-2 2.5 92.0 77.7 81.2 55.0 73.7 38.1 17.3 17.8
2-2.5 2.5 81.7 70.3 74.6 48.7 66.8 35.2 15.4 8.4
APPENDIX B
SEASONAL HOME RANGE PATTERNS FOR RADIO COLLARED ELK
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Fail
Figure 16. Seasonal home range of elk #1. Summer locations 
are represented by x's while fall locations are represented 
by squares.
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Figure 17. Seasonal home range of elk #2. Summer locations 
are represented by x's while fall locations are represented 
by squares.
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Figure 18. Seasonal home range o£ elk #3. Summer locations 
are represented by x's while fall locations are represented 
by squares.
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Figure 18. Seasonal home range of elk #5. Summer locations 
are represented by x 's while fail locations are represented
by squares.
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Figure 20. Seasonal home range of elk #6. Summer locations 
are represented by x 's while fall locations are represcntso
by squares.
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Fall
Figure 21. Seasonal home range of elk #10. Summer 
locations are represented by x*s while fall locations are 
represented by squares.
APPENDIX C
DIET COMPOSITION FOR ELK AND CATTLE
Table 14. Diet composition for eik and cattle during summer and fall in the Killdeer mountains (KMT) and badlands region.
Elk Cattle
Badlands
sum m er
1992
Badlands
sum m er
1992
KMT
sum m er
1992
Badlands
sum m er
1993
Badlands
fall
1993
KMT
sum m er
1992
Badlands
sum m er
1992
Badlands
fall
1993
G RASSES
Agropyron hallii 0.3 1.5 0.9 1.6 3.4
Agropyron cristatum 2.6 2.9 0.8 1.7 3.3 3.4 2.3
Agropyron smithii 3.6 4.8 1.9 3 3.9 1.3 2.7 4.3
Agropyron spp . . 0.3 2.3 5.2
Andropogon trachycaulum 17.7 11.9 11.7 . 0.7 1.4
Aristida longiseta . 0.3 1.1 6.8 7.8 6.1
Bouteloua spp 0.4 0.4 3.9 7.4 4.9
Bromus inermis 2.1 4 0.7 4.9
Bromus spp 1.1 0.8 . 4.1 4.5 9.5
Calamovita longifolia 0.2 0.5 2.7 2.9 1 1.5 2.1
Danthonia unispicata 0.5 2.7 1 5.2 3.3 5.2
Elymus virginicus 4.7 1 . 2.9 1.9 0.8 5.3
Koeleria pyramidlta . . . 2.9 4.2 6
Oryzopsis asperifolia 3.4 1.9
Poa spp 3 1.6 3.5 0.4 4.1 12.7 19.9 13.1
Puccinellia nuttalliana . 2.4 1.9 2.9
Stipa spp 0.4 0.4 1.2 1.1 2,9 12.1 7.9 7.9
grass 2.1 3.2 3.2 1.7 3.7 2.5 3.4 5
Tota l grasses 17 34.8 34.3 8.4 44.6 63.2 73.3 84.6
Carex spp 1.9 1.6 6.9 2.4 19.1 8.9 9
Csrcx sprengelii 0.7 0.3
Juncus spp 5.3 0.5
Table 14 (continued)
Totai sedge/rush 2.6 1.6 6.9
FORBS
Achillea lanulosa
Apocynum androsaemifolium
Artemisia ludoviciana
Astragalus spp 0.7 0.6 2.4
Castilleja spp
Cerastuim arvense 0.5
Comandra pallida
Fragaria spp 0.5 0.2 0.2
Galium spp
Gaura coccinea 2.9 1.3 7.6
Hackelia spp 0.7 2.9 0.5
Heuchera richardsonii
Lactuca pulchella 0.1
Lilium philadelphicum .
Linum spp
Lotus americanum 3
Melilotus officinalis 7.1 5.5 3.2
Monarda fistulosa 4.1 1.1 3.1
Penstemon spp
Phlox hoodii
Plantago patagonica
Psoralea esculenta 0.2
Pyrola secunda
Rudebekia spp 1.3 1.2
Sanicula marylandick .
Senecio spp 0.4 .
Sphaeralcea coccinea 0.4 0.4
Taraxacum officinale 0.4 0.3
Thermopsis rhombifclia 3.3 2.4 5
Tragopogon dublus
com posite 0.2
0 2.7
3.7
0.5 •
2.5 4.6
1.4
0.2
1.6
1.1
3
•
0.5
1.1 4.9
17.4 4.5
3.4 1
1.5
0.5
1.2
1.4 0.2
3.2
1
0.9 4.7
24.4 8.9
1.4
0.5
0.7
0.4 0.3
0.9
2.2
0.3 0.4
0.7
0.7
1.4
0.9
0.3
1.6
0.7
0.6
0.7
0.7 0.3
0.3
9.5
2.1
1.2
0.2
ooa*.
0.2
Tab le  14 (continued)
rnonocot 1.3
forb 8.6 4.9 7.2
Total fo rbs 32.1 23.6 30
SHRUBS
Amelanchier ainifolia 4.1
Amelanchier alnifolia-leaf 0.5
Amelanchier alnifolia-stem 2.1
Artemisia cana 0.2
Betula spp- stem 0.6
Cornus stolonifera 0.2 0.5
Corylus spp 0.4
Crategus spp 0.7 2.4
Crategus spp-sfem 2.7
Eurotia lanata 0.4
Fraxinus pennsyivanica 4.1 1
Fraxinus pennsylvanica-leaf
Fraxinus pennsylvanica-sten 6.6
Populus spp 2.1 0.8
Pepulus spp-leaf
Populus spp-stem 0.4 3 2
Prunes spp-stem 1.2
Quercus macrocarpa 1.7 0.7
Quercus macrocarpa-leaf 1.3
Rhus spp 0.2
Rhus spp-leaf 0.4
Ribes spp 0.2
salix spp 2.5 0.5 .
salix spp-leaf 0.4 1.6
salix spp-stem 6.2 4,9 9.7
Shepardia argentea 17.7 17 1.4
Symphoricarpos occidentalis 1.9 •
0.7Symphoricarpos occidenialis-leaf 2
T a b le  14 (continued)
shrub
shrub
shrub
leaf
stem
T o ta l shrub
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